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La pertinence des données de composition des aliments pour les enquêtes nutritionnelles dans les régions rurales du 










and	 2.5	million	 people	 in	 China	 and	 other	 parts	 of	
Asia;	between	10	and	30	million	people	are	estimated	
to	be	at	risk	(Yamamuro,	2001;	Mathieu	et	al.,	2008a;	
Wang	 et	 al.,	 2008;	 Wang	 et	 al.,	 2009).	 KBD	 is	 an	
endemic	and	chronic	osteochondropathy	characterized	
by	 short	 stature	 and	 skeletal	 deformities,	 especially	
of	the	long	bones	and	joints.	Joints	become	enlarged,	
stiff	 and	 painful.	Mobility	 of	 limbs	 becomes	 limited	




the	 deep	 zone	 of	 the	 growth	 plate	 cartilage	 and	 the	
articular	cartilage	(Mathieu	et	al.,	2008a;	Wang	et	al.,	
2008;	Wang	et	al.,	2009).
Although	 many	 studies	 have	 been	 conducted	
and	 many	 others	 are	 still	 underway,	 the	 etiology	
of	 the	 disease	 remains	 unknown.	 Nevertheless,	
a	 multifactorial	 hypothesis	 has	 been	 proposed:	 a	
combination	 of	 selenium	 and	 iodine	 deficiency,	 high	
concentrations	 of	 organic	 matter	 in	 drinking	 water	




















one	of	 the	objectives	of	 this	 study	aimed	 to	measure	
the	mineral	content	of	the	main	staple	foods	of	Tibetan	
peasants	 living	 in	 an	 endemic	 area	 (EA).	 Generally,	
nutrition	studies	are	based	on	food	composition	tables	
(FCTs)	 (Gibson,	 1990;	 Church,	 2006;	 Egan	 et	 al.,	
2009).	 The	 USDA	 National	 Nutrient	 Database	 for	
Standard	 Reference	 (US	 Department	 of	Agriculture,	
2010)	 and	 The	 China	 Food	 Composition	 Table	
(National	Institute	of	Nutrition	and	Food	Safety	China	
CDC,	2009)	were	selected	for	this	study.	Nevertheless,	
the	 composition	 of	 foods	 as	 listed	 in	 national	 FTCs	
may	be	quite	different	from	the	composition	of	foods	
in	 a	 given	 local	 area.	Another	 of	 our	 objectives	was	
to	ensure	that	 the	results	of	 the	food	analyses	carried	
out	 in	 the	 present	 study	 matched	 with	 the	 reference	
values	of	FCTs.	We	wanted	to	be	certain	that	a	Tibetan	
nutrition	 survey	 based	 on	 FCTs	would	 not	 introduce	
a	 major	 bias	 into	 the	 estimation	 of	 daily	 intake,	 as	
sometimes	 occurs	 (Moon	 et	 al.,	 1996).	 With	 this	
in	 mind,	 the	 mean	 mineral	 content	 of	 Tibetan	 food	













Database	 (USDA	Food Search for Windows,	Version	 1.0,	 database version	 SR23)	 et	China Food	Composition	 (livre	 1,	






Mots-clés.	Maladie	de	 l’homme,	ostéopathie,	 contrôle	de	maladies,	 composition	des	 aliments,	 régime	alimentaire,	 farine,	
calcium,	minéraux,	Tibet.
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use	as	a	reference.	Given	the	symptoms	of	KBD,	this	
study	 focused	 on	 several	 minerals	 involved	 directly	
or	 indirectly	 in	bone	metabolism:	Ca,	P,	Mg,	Fe,	Zn,	
Mn,	Cu,	Ni,	 Se,	Al,	 Sr,	Mo,	Cd	 and	As	 (Matsumoto	
et	al.,	1991;	Sctrick,	1991;	Jacotot	et	al.,	1992;	Martin,	
2000;	Sarazin	et	al.,	2000;	Moreno-Reyes	et	al.,	2001;	





2. MATERIALS AND METHODS
2.1. Study area and sampling
Ten	 households	 from	 Nimo	 and	 Lhundrop	 counties	
(high	KBD	prevalence	areas	near	Lhasa)	were	enrolled	
into	 the	 study.	They	were	 selected	 from	 the	Kashin-
Beck	Disease	Fund	database	according	to	two	criteria:	












was	 also	 carried	 out	 in	 the	 non-endemic	 area	 (July	
2011=	NEA).	Staple	foods,	which	were	selected	based	
on	the	findings	of	a	previous	nutrition	survey	(Goyens	










unavailable	 in	 some	 households	 during	 the	 sampling	
period.	The	eighth	staple	food	to	be	analyzed,	Chinese	
cabbage,	was	bought	 in	Lhasa.	This	 food,	 frequently	
consumed,	 is	 not	 grown	at	 home	and	 families	buy	 it	




determination	 of	 dry	matter	 (DM)	 content	 and	 long-
term	storage.
2.2. Reagents and glassware
The	laboratory	glassware	used	was	cleaned	by	soaking	
overnight	 in	a	6N	nitric	acid	bath	and	 rinsed	at	 least	




The	 sampling	 portion	was	 about	 one	 gram,	weighed	
with	 an	 analytical	 balance	 (AE	 200	 Mettler)	 in	 a	
Teflon	container	and	placed	 in	an	HPR	1000/6	 rotor.	
Six	milliliters	 of	 65%	 nitric	 acid	 (AnalR	Normapur,	
VWR	 Prolabo)	 and	 1	ml	 of	 35%	 hydrogen	 peroxide	
(analytical	reagent,	Merck)	were	added.	Samples	were	
then	 submitted	 to	microwave	 assisted	mineralization	
in	a	high	performance	microwave	digestion	unit,	MLS	
1200	 mega	 (Milestone,	 Brøndby,	 Denmark)	 with	
an	 MLS	 Mega	 240	 terminal	 and	 EM	45	A	 exhaust	
module.	The	following	optimized	microwave	program	
was	implemented:	250	W:	2	min;	0	W:	2	min;	250	W:	
6	min;	 400	W:	 5	min;	 600	W:	 5	min;	 ventilation:	
10	min.	 The	 program	 used	 was	 based	 on	 the	




quantitatively	 transferred	 into	 50	ml	 volumetric	
flasks	 and	 diluted	 to	 volume	 with	 ultrapure	 water.	
Teflon	 containers	 were	 rinsed	 at	 least	 3	times	 with	
ultrapure	water.	Black	tea	was	brewed	in	the	traditional	
Tibetan	 way	 (R.	Wangla,	 personal	 communication):	
approximately	10	g	of	tea	were	weighed	precisely	and	
then	 boiled	 in	 100	ml	 of	 ultrapure	 water	 for	 1	h	30.	
Infusions	 were	 then	 filtered	 through	 folded	 filter	
papers	 (MN	616	1/4	 18.5	cm	 diameter;	 Macherey-
Nagel,	Düren,	Germany)	 and	 diluted	 to	 250	ml	with	
ultrapure	 water.	 Twenty	 ml	 samples	 of	 this	 solution	
were	transferred	with	a	volumetric	pipette	into	a	Teflon	
container	 and	 were	 directly	 mineralized	 under	 the	
aforementioned	conditions.
2.4. Atomic absorption spectroscopy procedures




atomic	 absorption	 spectrometry	 [ETAAS],	 hydride	
generation	 and	 cold	 vapor	 generation)	 in	 Belgium	
(Bureau	 Environnement	 et	 Analyses	 de	 Gembloux,	
BEAGx).	 Phosphorus	 was	 measured	 using	 UV-Vis	
spectrophotometry	at	700	nm	on	a	UV-1205	Shimadzu	
(Shimadzu,	 Kyoto,	 Japan)	 with	 an	 Epson	 LX-300	
printer,	 using	 the	 Scheele	 method	 (heptamolybdate	
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reagent).	 Most	 selenium	 levels	 were	 found	 to	 be	
below	the	limit	of	quantification	(LOQ).	Results	were	
therefore	 confirmed	 by	 inductively	 coupled	 plasma	
atomic	 emission	 spectroscopy	 (ICP-AES)	 on	 several	
samples	at	 the	Walloon	Agricultural	Research	Centre	
(CRA-W),	Agricultural	Product	Technology	Unit.
A	 Perkin	 Elmer	 1100	B	 flame	 atomic	 absorption	
spectrometer	 (Perkin	 Elmer,	 Waltham,	 USA)	 was	
used	for	Ca,	Mg,	Zn,	Fe,	Mn,	Cu,	Ni,	Al,	Sr,	and	Mo	






When	 dilutions	 were	 required	 for	 other	 elements,	 a	
solution	 of	 HNO
3
	 2%	 in	 ultrapure	 water	 was	 used.	
Dilutions	 were	 performed	 with	 a	 Microlab®	 500	











correction	 based	 on	 the	 Zeeman	 Effect	 was	 also	
applied.	In	both	devices,	the	light	source	was	provided	
by	 hollow	 cathode	 P-E	 lumina	 lamps.	 Arsenic	 and	
selenium	were	measured	using	the	hydride	generation	
method	(HG).	Two	milliliters	of	a	solution	of	5%	KI	
(Fisher)	 and	 5%	 ascorbic	 acid	 (Acros	Organics)	 and	
1	ml	 of	 37%	 HCl	 (analytical	 reagent,	 Merck)	 were	
added	to	2	ml	of	mineralized	solutions.	No	KI	was	added	
for	Se	analysis.	The	whole	solution	was	homogenized	
and	 allowed	 to	 reduce	 for	 a	 period	of	 45	min	before	
dilution	 to	10	ml	with	ultrapure	water.	Samples	were	
analyzed	 using	 a	 Perkin	 Elmer	 AAnalyst	800™	
equipped	with	a	quartz	cell	and	with	a	P-E	As	90plus	






P-E	FIMS-400	 equipped	 with	 a	 S10	 autosampler.	 A	















15.1	 software.	 Parametric	 tests	 were	 performed	
after	 checking	 the	 conditions	 of	 application	
(homoscedasticity	 and	 normality	 of	 the	 populations).	
Otherwise,	 transformations	 of	 variables	 were	
tested	 using	 the	 Box-Cox	 method.	 As	 a	 last	 resort,	
nonparametric	 tests	were	 applied.	 In	 cases	where	 no	
significant	difference	was	 found	between	 the	mineral	
composition	of	the	analyzed	food	samples,	the	Tukey	
Significant	 Difference	 method	 was	 used	 for	 the	
classification	of	statistical	means.
The	 mineral	 composition	 of	 the	 analyzed	 foods	
was	 then	 compared	 against	 two	 FCTs.	 The	 China	









were	 validated	 via	 certified	 reference	 materials	
(CRMs).	 Two	 CRMs:	 White	 cabbage	 BCR®-679	
and	 Wheat	 flour	 ERM®-BC382,	 were	 obtained	
from	 the	 European	 Institute	 for	 Reference	Materials	
and	 Measurements	 (Geel,	 Belgium).	 These	 CRMs	
were	 selected	 because	 they	 include	 almost	 all	 the	
elements	 of	 interest	 and	 because	 of	 their	 similarity	
with	 our	 sample	matrices.	However,	 these	CRMs	do	
not	include	a	certified	value	for	selenium.	The	CRMs	
were	processed	and	analyzed	here	following	the	same	
procedures	 as	 for	 the	 samples.	Measurement	 of	 each	
element	was	performed	as	described	above	in	at	least	
four	 replicates.	 Dry	 matter	 content	 was	 determined	
according	 to	 the	 provider’s	 instructions.	 Statistical	
comparison	between	measurement	results	and	certified	
values	 was	 also	 made	 according	 to	 the	 provider’s	
instructions	 (Linsinger,	 2005).	Besides	 the	validation	
by	 CRMs	 (through	 demonstration	 of	 recovery	 and	
repeatability),	 supplementary	 parameters	 were	 also	
assessed,	 such	 as	 limits	 of	 quantification	 (LOQs),	
linearity	ranges,	calibration	curves	and	repeatability	on	
samples.
3. RESULTS AND DISCUSSION 
3.1. Validation of methods 
Data	were	expressed	in	mg.kg-1	of	dry	matter.	Results	
of	 measurements	 were	 compared	 with	 the	 certified	
values	following	an	appropriate	procedure	(Linsinger,	
2005).	 Table 1	 shows	 the	 mineral	 content	 values	
from	the	CRMs	for	white	cabbage	and	wheat	flour	in	
comparison	 with	 data	 obtained	 in	 the	 laboratory.	As	
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,	 the	 expanded	 uncertainty,	 the	 analytical	 method	
was	validated	for	 the	following	elements:	Ca,	P,	Mg,	
Fe,	Zn,	Mn,	Cu,	Ni,	Mo	and	Cd	but	not	for	Sr.	Se,	As,	


















3.2. Analysis of food samples and comparison with 
food composition tables








samples	 analyzed	 here	was	 black	 tea.	 In	 rural	Tibet,	
this	is	quite	an	expensive	commodity.	It	 is	brewed	to	
a	 highly	 concentrated	 level,	 and	 then	 drunk	 in	 very	
diluted	 form.	 Consequently,	 its	 mineral	 composition	
is	extremely	poor	and	this	food	will	therefore	also	not	
be	discussed	here.	Furthermore,	another	of	our	foods	
originally	 chosen	 for	 analysis,	 yak	 butter,	 could	 not	




conducted	 for	 the	 following	 elements:	 Ca,	 P,	 Mg,	
Fe,	Zn,	Cu,	 and	Mn.	Three	 staple	 food	 items,	which	
were	available	in	each	area,	were	considered:	roasted	





mineral	 composition	 of	 barley	 flour	 and	wheat	 flour	
during	 the	year	of	 sampling.	They	also	 reveal	a	very	
limited	 variation	 in	 the	 mineral	 composition	–	 iron	
and	manganese	–	of	 rice	between	 the	 two	seasons	of	
sampling	in	the	endemic	area.	On	the	other	hand,	the	
three	 staple	 food	 items	 presented	 some	 significant	
Table 1.	Comparison	of	mineral	content	values	from	certified	reference	materials	(CRMs)	for	white	cabbage	and	wheat	flour	
in	comparison	with	data	obtained	in	the	laboratory	—	Comparaison des valeurs du certificat des matériaux de référence 
(CRMs)	et des valeurs obtenues en laboratoire.





















Ca2 	 	 	 0.21	±	0.018 0.203 0.017 0.007 0.019
P1 	 	 	 1.19	±	0.07 1.26 0.01 0.071 0.071
Mg2 	 	 	 0.247	±	0.010 0.253 0.011 0.006 0.013
Fe2 55	±	2.5 55.3 3.1 	 	 	 0.3 3.4
Zn2 79.7	±	2.7 81.6 2.8 	 	 	 1.9 3.4
Cu3 		2.89	±	0.12 		2.96 0.22 	 	 	 0.07 0.23
Mn3 13.3	±	0.5 13.7 0.8 	 	 	 0.4 0.8
Ni4 27	±	0.8 27.5 2 	 	 	 0.5 1.9
Sr3 11.8	±	0.4 7.6 0.5 	 	 	 4.3 0.6
Mo3 14.8	±	0.5 13.9 1.5 	 	 	 0.9 1.4




















	—	la différence entre la valeur certifiée (C
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differences	 in	 mineral	 composition	 between	 the	
non-endemic	area	and	 the	endemic	area.	Wheat	flour	
showed	 the	 greatest	 difference	 in	 composition,	 with	
five	 significantly	 different	 minerals	 out	 of	 seven.	
Manganese	 was	 found	 to	 be	 present	 at	 significantly	
higher	 levels	 (p-value	<	 0.01)	 in	 the	 endemic	 area	
both	in	roasted	barley	flour	and	in	wheat.	Conversely,	
calcium	 content	 was	 found	 to	 be	 significantly	 lower	
in	barley	flour	and	in	rice	(p-value	<	0.5	and	<	0.001	
respectively).	Within	the	context	of	a	poorly	diversified	
diet,	 as	 is	 the	 case	 in	 rural	 Tibet	 (Liquiang	 et	 al.,	
1991;	 Suetens	 et	 al.,	 2001;	Dang	 et	 al.,	 2004),	 these	
Table 2. Mean	values	of	mineral	elements	(mg.kg-1	DM)	by	area	and	variance-values	—	Composition moyenne en éléments 
minéraux (mg.kg-1 de matière sèche) et analyse de la variance.
Average	(mg.kg-1	dry	matter) p-values	(one-way	ANOVA)
NEA EAw EAs NEA/EAw NEA/EAs EAw/EAs
Barley flour (n = 30)
Ca 290 396 384 * * /
P 3953 3978 4083 / / /
Mg 1227 1156 1158 / / /
Fe 188 115 144 * / /
Zn 25 23 23 / / /
Mn 21 16 18 ** ** /
Cu 						6.1 						4.1 						3.7 * * /
			Dry	matter	(%) 91 93 93
Wheat flour (n = 29)
Ca 258 330 287 / / /
P 2832 1588 1748 * * /
Mg 889 409 435 * * /
Fe 127 40 48 *** *** /
Zn 20 11 13 * / /
Mn 22 10 11 ** ** /
Cu 						3.0 						3.0 						2.6 / / /
				Dry	matter	(%) 87 88 87
Rice (n = 24)
Ca 30 80 73 *** *** /
P 1063 1156 1123 / / /
Mg 262 261 208 / / /
Fe 13 4.2 22 *** *** ***
Zn 15 15 14 / / /
Mn 12 						9.4 11 * / *
Cu 						1.7 						2.5 						1.9 * / /
Dry	matter	(%) 87 87 86
NEA:	non-endemic	area	—	zone non endémique;	EAw:	endemic	area	in	winter	—	zone endémique en hiver;	EAs:	endemic	area	
in	spring	—	zone endémique au printemps; Mean	mineral	composition	(mg.kg-1	of	dry	matter)	is	listed	by	area	(endemic	and	non-
endemic)	for	the	following	Tibetan	sample	foods:	roasted	barley	flour,	wheat	flour	and	rice.	Analysis	of	variance	was	performed	on	
these	means.	P-values	are	listed	in	the	three	next	columns	according	to	this	code:	/	=	p	≥	0.05;	*	=	p	<	0.05;	**	=	p	<	0.01;	***	=		
p	<	0.001	—les compositions minérales moyennes (mg.kg-1 de matière sèche) des aliments tibétains (farine de grains d’orge grillés, 
farine de blé et riz) sont reprises par zones (endémiques et non endémiques). L’analyse de la variance a été effectuée sur le facteur 
zone. Les p-valeurs sont listées selon le code suivant : / = p ≥ 0,05 ; * = p < 0,05 ; ** = p < 0,01 ; *** = p < 0,001.
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area,	 for	 two	 seasons,	 spring	 and	 winter	=	 EAs	 and	
EAw).	Means	were	compared	using	one-sample	Student	
t-tests	against	the	mineral	composition	of	foods	listed	
in	 the	 two	 chosen	FCTs	 (USDA	and	China).	Certain	
foods	listed	in	the	FCTs	were	chosen	for	comparison	















Many	 even	 show	 a	 60-70%	 difference.	 It	 is	 clearly	
sensible	to	determine	a	cut-off	point	when	considering	
including	 or	 rejecting	 a	 similarity	 between	 food	
samples	 and	 FCTs,	 for	 example,	 concerning	mineral	
content.	 The	 Canadian	 Food	 Inspection	 Agency	
tolerates	 a	 20%	 difference	 between	 a	 labeled	 and	 a	
measured	 value	 for	 commercial	 products	 (Canadian	
Food	 Inspection	Agency,	 2003),	 whereas	 the	 French	
Association Nationale des Industries Alimentaires	
recommends	 a	 40%	 level	 of	 accepted	 tolerance	
(Association	 Nationale	 des	 Industries	 Alimentaires,	
2009).	However,	no	mention	is	made	by	these	agencies	
of	 the	 accumulation	 of	 differences,	 and	 our	 results	
showed	that	foods	studied	can	be	very	different	in	terms	
of	mineral	composition	when	compared	against	similar	
foods	 listed	 in	 the	 two	 national	 FCTs.	 Nevertheless,	
the	 distribution	 of	 p-values	 seemed	 to	 be	 different	
according	 to	 the	mineral	 element,	 as	 can	 be	 seen	 in	
table 4.	Overall	p-values	for	all	foods	investigated	are	
shown	 for	 each	 FCT	 and	 for	 each	 mineral	 element,	
















food	 samples.	 The	 means	 of	 dry	 matter	 content	 of	
barley	flour,	wheat	flour	and	rice	are	listed	in	table 2.	





to	 be	 significantly	 higher	 (p-values	<	0.001)	 than	 the	
values	found	in	both	FCTs.	One	probable	explanation	
for	 this	 comes	 from	 the	 fact	 that,	 in	Tibet,	 barley	 is	
first	 roasted	 before	 grinding	 into	 flour.	 Overall,	 the	
DM	content	of	our	wheat	flour	and	rice	samples	was	
quite	close	 to	 the	values	shown	in	 the	FCTs	(73%	of	
p-values	>	0.05).	 The	 DM	 content	 of	 Tibetan	 potato	
samples	 matched	 with	 only	 one	 food	 item	 from	 the	
USDA	 table	 (potato,	 boiled	 in	 skin,	 flesh	 without	
salt).	 Significant	 differences	 were	 found	 compared	
to	 other	 food	 items	 listed	 in	 the	 USDA	 and	 China	
tables	 (p-values	<	0.05	and	 less).	The	DM	content	of	
the	 Tibetan	 dried	 radish	 samples	 was	 also	 found	 to	
be	 higher	 than	 that	 of	 its	USDA	homologue	 (radish,	





As	 an	 endemic	 and	 chronic	 osteochondropathy	
affecting	 hundreds	 of	 thousands	 of	 people,	 Kashin-
Beck	disease	remains	misunderstood	and	little	studied.	
Evidence	 indicates	 environmental	 causes,	 including	
a	 potential	 dietary	 imbalance,	 mainly	 of	 minerals	
and	 micronutrients.	A	 more	 in-depth	 analysis	 of	 the	
mineral	intake	of	people	living	in	endemic	areas	might	
represent	 a	 further	 step	 towards	 understanding	 the	
disease.
In	 anticipation	 of	 a	 forthcoming	 nutrition	 survey,	
this	 pilot-study	 was	 focused	 on	 the	 adequacy	 of	 the	
mineral	 composition	 of	Tibetan	 foods	 in	 comparison	
with	 values	 shown	 in	 food	 composition	 tables.	
Main	 staple	 Tibetan	 foods	 were	 sampled	 once	 in	
Rinpung	(non-endemic	area,	summer	2011)	and	twice	
(winter	 and	 spring	 2010)	 in	 Nimo	 and	 Lhundrop	
(endemic	 area).	 The	 results	 revealed	 a	 very	 limited	
number	 of	 food/constituent	 pairs	 with	 a	 variation	
in	 mineral	 composition	 during	 a	 single	 year	 of	
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endemic	 area	 and	 the	 non-endemic	 area,	 particularly	
for	wheat	flour.
The	mineral	content	of	sample	Tibetan	foods	was	
statistically	 compared	 with	 similar	 foods	 listed	 in	
two	 food	 composition	 tables:	 the	 USDA	 National	
Nutrient	Database	(USDA	Food	Search	for	Windows,	
Version	 1.0,	 database	 version	 SR23),	 and	 the	 China	




need	 for	 analysis	of	 traditional	 foods.	The	difference	
between	 the	mineral	 content	 of	 the	 sampled	Tibetan	
foods	and	official	 listed	values	was	 the	most	marked	
for	barley	flour.	In	this	particular	case,	it	is	important	
to	note	 that	 there	 is	no	equivalent	 in	 the	China	Food	
Composition	Table.	Moreover,	in	Tibetan	households,	
barley	 grains	 are	 first	 roasted	 before	 being	 ground	
into	flour.	This	could	partly	explain	 the	difference	 in	
mineral	composition	of	the	Tibetan	samples	compared	




composition	 values	 of	 our	 Tibetan	 food	 samples	
and	 those	 listed	 in	 the	 two	FCTs.	The	first	 reason	 is	









It	 is	 clearly	 difficult	 to	 determine	 a	 cut-off	 point	
when	considering	the	matching	of	food	mineral	content	
in	 specific	 food	 samples	 against	 food	 composition	
tables.	Although	 it	 is	obviously	 too	early	 for	definite	
conclusions	 to	 be	 reached	 (our	 analysis	 was	 carried	
out	on	only	approximately	30	samples	of	each	food),	it	
seems	that	the	present	pilot-study	indicates	significant	
discrepancies	 between	 the	 values	 we	 measured	 and	
those	 listed	 in	 the	 food	 composition	 tables.	 In	 the	
present	case,	the	results	show	that	more	food	analyses	





This	 study	 was	 made	 possible	 thanks	 to	 the	 close	





Association	 Nationale	 des	 Industries	 Alimentaires,	
2009.	 Recommandations pratiques sur l’étiquetage 
Table 4.	General	comparison	between	Tibetan	foods	and	two	national	Food	Composition	Tables	(FCTs)	for	each	investigated	
mineral	expressed	as	relative	proportions	(in	%)	of	p-values	obtained	from	applying	one-sample	t-tests	—	Comparaison 
générale entre les aliments tibétains et les tables de composition alimentaires nationales pour chaque élément minéral 
investigué, exprimée en pourcentages de p-valeurs obtenues par des tests t de Student.
FCTs Category of p-value Ca P Mg Fe Zn Mn Cu
China ≥	0.05 5 52 38 38 33 24 19
0.001	<	p-value	<	0.05 43 24 14 39 43 29 33
<	0.001 52 24 48 24 24 48 48
USDA ≥	0.05 21 53 44 15 53 26 21
0.001	<	p-value	<	0.05 36 36 33 44 44 59 59





calculated	per	mineral	and	are	listed	—	Ce tableau montre une comparaison générale entre les aliments tibétains et les tables de 
composition nationales pour chaque élément minéral investigué. L’égalité des moyennes a été testée par des test t de Student pour 
chaque groupe (Zone Non-Endémique, Zone Endémique Hiver et Zone Endémique Printemps) et pour chaque minéral (Ca, P, Mg, 
Fe, Zn, Cu et Mn). Les résultats (c.-à-d. les p-valeurs) de chaque comparaison entre aliments tibétains et une table de composition 
alimentaire nationale (China et USDA) ont été regroupés. Des pourcentages par catégorie de p-valeur – p ≥ 0,05 ; 0,001 < p < 0,05 ; 
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